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Summary 
Differentiation of immature CD4+CD8+ thymocytes 
into mature CD4+CD8- and CD4-CD8+ T cells requires 
that aynthssis of one or the other coreceptor molecule 
be terminated, a process referred to aa lineage com- 
mitment. The present study has utilized a novel co- 
receptor reexpreaaion assay to identify lineage com- 
mitment in immature thymocytes and has found that 
the MHC recognition requirements for CD4 commlt- 
ment and CD8 commitment fundamentally differ from 
one another. Remarkably, we found that thymocyte 
commitment to the CD8+ lineage requires MHC class 
i-dependent instructional signals, whereas thymocyte 
commitment to the CD4+ lineage is MHC independent 
and may occur by default. in addition, an unanticipated 
reiationahip between lineage commitment and surface 
phenotype has been identifled. These results are in- 
compatible with current concepts and require a new 
perspective on lineage commitment and positive ae- 
iection, which we refer to aa asymmetric commitment. 
introduction 
Functionally competent T cells are generated from imma- 
ture precursor ceils by an ordered process of differentia- 
tion and selection in the thymus. Most developing thymo- 
cytes express ap T cell antigen receptors (TCRs), whose 
specificities are rigorously screened by thymic major histo- 
compatibility complex (MHC)-peptide complexes, with 
negative selection being the process by which autoreac- 
tive cells are identified and removed from the developing 
thymocyte pool, and positive selection being the process 
by which useful thymocytes are promoted in their differen- 
tiation into mature T cells. The mature T cell population 
that is generated in the thymus consists of cells specific 
either for peptides of intracellular pathogens bound in the 
groove of MHC class I molecules or for peptides of extra- 
cellular pathogens bound in the groove of MHC class II 
molecules. The ability of T cells to engage appropriate 
MHC molecules is enhanced by MHCspecific coreceptor 
molecules, with CD8 promoting MHC class I interactions 
and CD4 promoting MHC class II interactions. Thus, a 
central feature of positive selection in the thymus is the 
generation of T cells with matched TCR and coreceptor 
specificities, such that CD4-CD8+ T cells express TCRs 
specific for MHC class I recognition and CD4+CD8- T cells 
express TCRs specific for MHC class II recognition. Since 
CD4+CD8- and CD4-CD8+ mature T cells are the progeny 
of immature CD4+CD8+ thymocytes, the positive selection 
of CD4+CD8+ thymocytes for differentiation into mature T 
cells requires a lineage commitment step in which synthe- 
sis of one or the other coreceptor molecule is terminated. 
Two alternative models of lineage commitment have 
been proposed and have served to focus current debate 
(Robey et al., 1991; Chan et al., 1993a; von Boehmer 
and Kisielow, 1993; Davis and Littman, 1994; Robey and 
Fowlkes, 1994). The instructional model asserts that coon% 
nate engagement of thymic MHC-peptide complexes by 
TCR and surface coreceptor molecules generates signals 
in CD4+CD8+ thymocytes that specifically terminate syn- 
thesis of the inappropriate coreceptor molecule. In con- 
trast, the stochastic/selection model asserts that devei- 
oping CD4+CD8+ thymocytes indiscriminately terminate 
synthesis of either CD4 or CD8 coreceptor molecules, and 
that a subsequent selection step assures the survival of 
only those thymocytes with matched TCR and coreceptor 
specificities. Whether or not immature thymocytes with 
mismatched TCR and coreceptor specificities initially 
arise is a major distinction between the two models: the 
instructional model predicts that such cells cannot arise, 
whereas the stochastic/selection model predicts that such 
cells arise as frequently as ceils with matched TCR and 
coreceptor specificities. Recent experiments have demon- 
strated that thymocytes with mismatched TCR and co- 
receptor specificities can be generated, albeit in low num- 
bers (Davis et al., 1993; Baron et al., 1994; Chan et al., 
1994; ltano et al., 1994; Robey et al., 1994). However, 
when all experiments are considered, neither the instruc- 
tional nor the stochastic/selection model is fully compati- 
ble with the experimental results that have been obtained 
(Borgulya et al., 1991; Rahemtulla et al., 1991; Robey et 
al., 1991; Seong et al., 1992; Chan et al., 1993b, 1993c; 
Crumpet al., 1993; van Meerwijk and Germain, 1993; Kil- 
leen and Littman, 1993; Locksley et al., 1993). 
The present study was undertaken in an attempt to iden- 
tify rules governing lineage commitment without resorting 
to either model. To do so, we developed a novel experi- 
mental assay to identify directly the cell lineage to which 
individual immature thymocytes are committed. We found 
an unexpected relationship between lineage commitment 
and surface phenotype, and that current presumptions 
regarding lineage commitment based on surface pheno- 
type are incorrect. Most importantly, we found that the 
MHC expression and TCR recognition requirements for 
thymocyte commitment to the CD4+ and CD8’ T ceil lin- 
eages are remarkably asymmetric: CD8 commitment 
strictly requires MHC class l-dependent instructional sig- 
nals, whereas CD4 commitment occurs without MHC- 
specific interactions. Finally, we offer a novel perspective 
of lineage commitment and positive selection based on 
these findings. 
Results 
Lineage Commitment Assay 
Commitment of developing CD4+CD8+ thymocytes to ei- 
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ther the CD4 or CD8 T cell lineage terminates synthesis 
of the inappropriate coreceptor molecule. Because termi- 
nation of synthesis does not affect coreceptor proteins 
that are already on the cell surface, committed CD4+CD8+ 
thymocytes would continue to bear both appropriate and 
inappropriate coreceptor molecules for some time period 
after lineage commitment has occurred. We have devel- 
oped an experimental assay to identify the coreceptor mol- 
ecules being actively synthesized in individual thymocytes 
to reveal the cell lineage to which they have become com- 
mitted. Our lineage commitment assay, which we have 
termed the coreceptor reexpression assay, involves treat- 
ment of intact thymocytes with pronase to strip existing 
CD4 and CD8 proteins from the cell surface; placement 
of pronase-stripped cells in overnight 37% suspension 
culture to allow them to reexpress newly synthesized CD4 
and CD8 surface proteins; and immunofluorescence and 
flow cytometry to assess CD4 and CD8 surface reexpres- 
sion on individual cells. 
In Figure lA, untreated thymocytes placed in suspen- 
Figure 1. The Coreceptor Reexpresston Assay 
for Lineage Commitment 
(A) Coreceptor reexpression requires active 
transcription and protein synthesis. Single-cell 
suspensions of 88 thymocytes were preincu- 
bated with medium (left) or with 0.04% pronass 
(right) to remove preexisting surface corecep 
tor molecules as described. Pronase was the 
protease selected because it removes both 
CD4 and CD8 corecepton from the cell sue 
face, but does not digest most other surface 
proteins. After treatment cells were cultured for 
14 hr at either 4OC (at which temperature co- 
receptor reexpression does not occur) or 37OC 
(at which temperature coreceptor molecules 
reappear on the cell surface). At the end of 
culture, cells were harvested and stained for 
CD4 and CD8 surface expression, which are 
displayed as 3 x 4 decade logarithmic contour 
plots with the frequency of cells in each quad- 
rant indicated. Some of the suspension cul- 
tures contained 10 &ml cycloheximide (CHx) 
or 3 uglml actinomycin D (Act D) as indicated. 
CHx and Act D do not reduce thymocyte viabil- 
ity, which was >80%. 
(B) Coreceptor reexpression reveals lineage 
commitment. Purtftt populatttns of CD4+CD8 
and CD4+CD8+ thymocytes were obtained from 
AND transgenic mice expressing class Il-re- 
stricted TCR by electronic sorting according to 
the sorting gates superimposed on the original 
thymocyte populations displayed (far left). 
Sorted thymocyte populations were then as- 
sessed for lineage commitment by the corecep 
tor reexpression assay. It might be noted that 
staining cells with anti-CD4 MAb for electronic 
sorting slightly interfered with the ability of pro- 
nase subsequently to strip surface CM mole 
cules, as some pronase-strtpped cells stained 
dully with anti-CD4 MAb following overnight 
culture at 4OC. However, the persistence of a 
few pronase-resistant CD4 molecules did not 
interfere with assessment of CD4 reexpression 
after 37OC culture of the pronase-stripped thy- 
mocytes. Frequency of cells in each quadrant 
is indicated. 
sion cultures overnight at either 4% or 37% exhibited 
little change in expression of surface CD4or CD8 corecep- 
tor molecules (Figure lA, left). Treatment of thymocytes 
with pronase prior to culture removed both surface co- 
receptor molecules, indicated by the absence of CD4- and 
CD86pecific staining after overnight suspension culture 
at 4’S, at which temperature coreceptor protein synthesis 
does not occur and stripped coreceptor molecules are not 
replaced (Figure lA, column 3). However, after overnight 
culture at 37%, pronase-stripped thymocytes did reex- 
press both CD4 and CD8 proteins on their cell surfaces 
(Figure 1 A, right). CD4 and CD8 reexpression required de 
novo protein Synthe8iS as it was inhibited by cyclohexi- 
mide, and required de novo RNA synthesis as it was inhib- 
ited by actinomycin D (Figure 1A). These results demon- 
strate that reexpression of CD4 and CD8 surface proteins 
on prOM.Se-8trippSd CellS requires I’IIetabOliC activity, new 
protein synthesis, and new RNA synthesis. 
To demonstrate that the coreceptor reexpression assay 
identifies the lineage to which individual thymocytes are 
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committed, we presumed that most CD4+CD8+ thymo- 
cytes are not yet committed to either lineage and that all 
CD4+CD8- thymocytes are committed to the CD4+ T cell 
lineage (Figure 16). Purified CD4+CD8+ and CD4+CD8- 
thymocyte subpopulations were obtained by electronically 
sorting thymocytes from TCR transgenic mice that are 
enriched in CD4+CD8- cells (Kaye et al., 1989). The sorting 
gates were as indicated (Figure 18, left). After overnight 
37OC culture, pronase-stripped CD4+CD8+ thymocytes re- 
expressed both CD4 and CD8 surface proteins, whereas 
pronase-stripped CD4+CD8- thymocytes only reexpressed 
CD4 surface protein (Figure 16, right), indicating that co- 
receptor reexpression did accurately reflect the presumed 
commitment status of these cells. 
Lineage Commitment of Transltional 
Thymocyte Populations 
Analysis of CM+ CDBb and ClMbCD8+ 
Transfflonal Cells 
CD4+CD8” and CD4”CD8+ thymocytes are thought to be 
lineage-committed cells that have ceased synthesis of in- 
appropriate coreceptor molecules and so are steadily los- 
ing surface expression of inappropriate coreceptors (Chan 
et al., 1983b, 1994; Crump et al., 1993, van Meerwijk and 
Figure 2. Lineage Commitment of CD4+CDW 
and CD4DCD8+ Transitional Thymocyte Popu- 
lations from Normal 86 Mice 
(A) Co4+CW thymocytes contain both CD4 
and CD8-committed cells, but CD4YW+ thy- 
mocytes contain only CD&committed cells. Pu- 
rffted populations of CD4+CDEb and CD4WI8+ 
thymocytes were obtained by electronically 
sorting 88 thymocytes accordlng to the sorting 
gates superimposed on the original thymocyte 
population displayed (far left). Sorted thymo- 
cyte populations were then assessed for lin- 
eage commitment by the coreceptor reex- 
pression assay. Frequency of cells in each 
quadrant is indicated. 
(B) Surface TCRB expression on CD4 and 
ClM-committed transitional thyrnocytes. Sur- 
face expression of TCRj3 was assessed on the 
sorted populations of purified B6 thymocytes 
shown in (A) by three-color flow cytometry. 
(Left) CXWCD8 expression of the sorted and 
unsorted populationsafter4% suspension cul- 
ture. (Middle) CD41CD8 expression of the 
sorted and unsorted populations after pronase 
treatment and 37% suspension cultures. 
TCRB expression on pronase-treated cells 
after 37% culture was determined on individ- 
ual cell populations defined by the gates indi- 
cated (middle) and are shown as single param- 
eter histograms: a, CD4-committed cells; b, 
uncommitted cells; c, CDkommitted cells; 
and d. CD4CD8- cells. Shaded curves repre- 
sent negative control staining with mouse anti- 
human MAb leu4. Quantitatiin of TCR5 ex- 
pression in linear fluorescence untts was also 
performed on these cell populations and is dis- 
played in Table 1. TCRB expression was de- 
termined by staining with biotinconjugated 
H57-597 MAb (Pharmingen) plus streptavidin- 
Texas red. 
Germain, 1993). To assess this presumption experimen- 
tally, we examined purifed populations of transitional thy- 
mocytes from normal mice (Figure 2A). 
Examination of CD4+CD8” cells that have been pre- 
sumed to be in transition to the CD4+CD& phenotype re- 
vealed the expected presence of CD4-committed cells 
(Figure 2A, upper right). Unexpectedly, however, it also 
revealed the presence of CDBcommitted cells (Figure 2A, 
upper right). In this experiment, 22% of CD4+CDBb thymo- 
cytes reexpressed only CD4 molecules and so were com- 
mitted to the CD4 lineage, and 7% of CD4+CD8” thymo- 
cytes reexpressed only CD8 molecules and so were 
committed to the CD8 lineage. CD4+CD8” transitional thy- 
mocytes also contained uncommitted cells, as 82% of 
CD4CD8” thymocytes reexpressed both CD4 and CD8 
molecules. The remaining 9% of CD4CD8” thymocytes 
reexpressed neither CD4 nor CD8 molecules and could 
be cells destined to become CD4CD8-, a point that will 
not be further pursued in the present study (Figure 2A, 
upper right). 
Examination of CD4”CD8+ cells that have been pre- 
sumed to be in transition to the mature CD4CD8’ pheno- 
type revealed the presence of only CDB-committed and 
uncommitted thymocytes, as expected (Figure 2A, lower 
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Table 1. TCR Expression on Sorted Populations of CD4+CDQ and CD4FD9+ Transitional 86 Thymocytes 
Phenotype of 
Cells after Coreceptor 
Reexpression 
Figure 28 Lineage 
Population* Commitment 
Sorted Thymocyte Population 
cD4+cDP CD4L”cDB’ 
Unsorted 
Cells 
TCR ExpressiotV in FU x 10e3 
CD4%DB- a CD4Committed 740 IS45 
CD4-CD9’ C CD9Commltted 924 1020 1177 
CD4+CD9+ b Uncommitted 140 102 140 
CD4-CD9 d Uncommitted 114 
l Pronasstreated thymocyte populations displayed in Figure 28 were analyzed for TCRfl surface expression after 14 h in 37% suspension cultures. 
b Cells were stained with anti-TCR9 (H57-997) MAb plus streptavidln-Texas red and staining intensity was quantltated in linear fluorescence units 
(FU) as follows: FU = cell frequency x median intensity, where median intensity was derived by conversion of median logarithmic channel numbers 
to linear units using a calibration curve empirically derived for each logarithmic amplifier used. 
right). Of CD41”CD8+ thymocytes, 13% reexpressed only 
CD8 molecules and so were committed to the CD8 lineage, 
and 84% of CD4bCD8+ thymocytes reexpressed both CD4 
and CD8 molecules and so were uncommitted (Figure 2A, 
lower right). The presence of uncommitted cells in both 
transitional thymocyte populations likely reflected the un- 
avoidable inclusion of CD4+CD8+ thymocytes within the 
transitional cell sorting gates (Figure 2A, left). 
Since lineage commitment represents a maturational 
step for developing thymocytes, lineagecommitted thy- 
mocytesshould be more mature than uncommitted thymo- 
cytes. The maturity of thymocytes differentiating along the 
CD4/CD8 developmental pathway is reflected by the num- 
ber of surface TCR complexes they express, as surface 
TCR expression increases with increasing maturation. 
Consequently, we compared surface TCR levels on lin- 
eage-committed and uncommitted thymocytes within 
each transitional population. Since pronase stripping does 
not remove surface TCR complexes (Kearse et al., 1995) 
we could examine in Figure 26 surface TCR expression 
after 37OC culture on the same pronase-stripped and 
sorted cells that were displayed in Figure 2A. To compare 
TCR expression levels on different thymocyte subpopula- 
tions, the fluorescence intensity of TCR-specific staining 
on each subpopulation was quantitated in linear fluores- 
cence units (FU) (Table 1). Consistent with increased ma- 
turity, lineage-committed cells in each transitional cell pop- 
ulation expressed 7- to 1 O-fold higher surface TCR levels 
than uncommitted cells, although surface TCR levels on 
lineage-committed transitional cells were still lower than 
on mature CD4+CD8-and CD4CD8+ thymocytes present 
in unsorted thymocyte populations (Figure 28; Table 1). 
Thus, as quantitatively assessed by surface TCR levels, 
lineagecommitted transitional thymocytes are intermedi- 
ate in maturity between uncommitted thymocytes and ma- 
ture T cells. 
Developmental RelatIonship among Phenotypically 
Distinct Subpopulations of 
CD&Committed Thymocytes 
The unexpected presence of CD8-committed cells among 
CD4+CD8” transitional thymocytes required further con- 
sideration. The surface phenotype of CD8committed cells 
within the CD4CD8” transitional pool was markedly dis- 
cordant with their protein synthetic activity, in that they 
expressed high surface CD4 levels but were no longer 
synthesizing CD4 protein; and they expressed low surface 
CD8 levels but continued to synthesize CD8 proteins. High 
surface CD4 expression in the absence of active CD4 syn- 
thesis suggested that such cells recently terminated CD4 
protein synthesis; low surface CD8 expression despite 
continued CD8 synthesis suggested that they have inter- 
nalized surface CD8 molecules in response to engage- 
ment of surface CD8 molecules in the thymus. We rea- 
soned that CDb-committed ClX+CD8” cells would, over 
time, increase surface CD8 expression (because they con- 
tinued to synthesize CD8 proteins) and decrease surface 
CD4 expression (because they had terminated CD4 syn- 
thesis), eventually becoming CD41DCD8+ cells. Conse- 
quently, we considered that CD&committed cells in the 
CD4+CD8” transitional pool might be precursors of CD& 
committed cells in the CD4’“CD8+ transitional pool. 
To determine the relative maturity of CD8-committed 
cells in the CD4+CD8’0 and CD4’“CD8+ transitional popula- 
tions, we quantitatively compared their surface TCR ex- 
pression levels (Table 1). We found that CD8-committed 
cells present in the CD4+CDBb transitional pool expressed 
significantly lower surface TCR levels than CD&corn- 
mitted cells present in the CD4’OCD8+ transitional pool (824 
versus 1020 x 103 FU, Table 1). Given that TCR expres- 
sion levels are indicative of developmental maturity, these 
data indicated that CD8-committed thymocytes among 
CD4+CD8” transitional cells are less mature than CD8- 
committed thymocytes present in the CD41”CD8+ transi- 
tional pool. 
The concept that CD8-committed cells in the CD4+CDb 
transitional pool eventually differentiate into CD4’OCD8+ 
cells predicts that, at some point during their differentiation 
from CD4+CD8” into CD4’OCD8+ cells, CD&committed 
cells might appear as CD4’“CD8b thymocytes. To test this 
prediction, we obtained purified populations of CD4+CD8”, 
CD4”CD8”, and CD4’OCD8+ thymocytes from a single thy- 
mocyte pool and assessed each transitional population 
by the coreceptor reexpression assay. As predicted, CDS 
committed cells were present among CD4’OCD8b thy- 
mocyte populations (Figure 3). In fact CD&committed 
cells were present in all three populations of CD4+CDb, 
CD4bCD8b, and rXMbCD8+ transitional thymocytes, where 
as CDCcommitted cells were only present in the 
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CD4+CD8b transitional pool (Figure 3). Interestingly, sur- 
face TCR expression levels on CD&ommitted cells were 
lower among CD4%D8” and CD4’OCD8” thymocytes than 
among CD4’%D8+ thymocytes, indicating that CD8-com- 
mitted cells in the CD4+CD8b and CD4bCD8b populations 
were less mature than those in the CD4’“CD8+ population 
(Figure 3). These results suggest that CD&committed’ 
cells appear sequentially as CD4+CD8” -, CD4kCD6 + 
CD4%D8+ transitional thymocytes before differentiating 
into mature CD4-CD8 T cells. 
MHC and TCR Requlrsments for 
Lineage Commltment 
The ability to identify lineage-committed thymocytes indi- 
vidually made it possible to assess the requirements of 
developing thymocytes for commitment to either the CD4 
or CD8 T cell lineage. To determine specifically the MHC 
and TCR requirements for lineage commitment, we exam- 
ined CD4+CD8” and CD4”CD8+ transitional thymocytes 
from mouse strains that differed in MHC expression and 
TCR specificity (see Figures 4-8). For clarity of presenta- 
tion, the MHC and TCR requirements for generation of 
CD4-committed and CDB-committed thymocytes will be 
considered separately. 
MHC and TCR Requirements for CD4 Commlfmenf 
First, we determined the MHC expression requirements 
for CD4 commitment by determining whether CD4-com- 
mitted cells were present among CD4+CDBb thymocytes 
from normal mice, 8Bmicroglobulin (Brim-) mice deficient 
in expression of MHC class I molecules (Keller et al., 1990; 
Zijlstra et al., 1990), and class II- mice deficient in expres- 
sion of MHC class II molecules (C&grove et al., 1991; 
Figure3. Evolving Phenotype of CM-Corn- 
mltted Thymocytes 
Purified pq.wlattons of CM+CW, ClWCDB”, 
andCD4bCD8+cellswereobtained byelectron- 
icatty sorting 88 thymocytes according to the 
sorting gates euperimpceed on the original thy- 
mcqte population diilayed (left). Sorted thy- 
mcqte populations were then asses& for 
lineage commitment by the coraoeptor reex- 
pression assay. Analysis gates defining CDS 
and CDscommltted populations are Indicated 
and TCRB expregsion on CD8-oommltted pop 
ulatlons is expressed in linear fluorescence 
units (FU) celculated as described in Teble 1. 
Negative control staining with mouse anti- 
human MAb let& resulted In FU values of less 
than 9 x 10-4. Frequencyofcellsin eachanely- 
sis gate Is shown. TCRft expnwslon wes deter- 
mined by stalning wtth blotirwonjugated H57- 
597 Mb (Pharmingen) plus streptavldin-Cy5. 
lt might be noted thet this experiment utilized 
streptevidin-Cy5 as the fluofochrome, which 
resulted in approximately ItMold brighter TCR 
fluorescence than streptavklin-Texas red, the 
fluorochrome used in Figure 26 and Table 1. 
Grusby et al., 1991) (Figure 4A). Interestingly, CD4com- 
mitted cells were present among sorted CD4+CDb thymo- 
cytes from all three mouse strains, including mice that 
lacked MHC class II molecules (Figure 4A). Since CD4 
committed cells were present in thymi of mice that do not 
express MHC class II molecules, these data demonstrate 
that thymocyte commitment to the CD4 lineage does not 
require MHC class II expression. 
Second, we determined the TCR specificity require- 
ments for CD4 commitment by determining whether CD4 
committed cells were present among CD4+CD8b thymo- 
cytes from three different mice expressing two different 
transgenic TCRs: AND H-P mice transgenic for an MHC 
class II-restricted TCR reactive to cytochrome c that is 
positively selected by I-Ab (Kaye et at., 1989) (Figure 46, 
top): HY scid H-P mice transgenic for an MHC class 
I-restricted TCR reactive to the male antigen that is posi- 
tively selected by H-2W (Teh et al., 1988) (Figure 49, mid- 
dle); and HY scid H-P mice transgenic for the anti-HY 
class l-restricted TCR that is neither positively nor nega- 
tively selected by H-P (Figure 48, bottom). To analyze 
only thymocytes expressing transgenic TCR (even in 
transgenic scid mice), we gated on Vail + cells in AND 
transgenic mica and on Va3+ cells in HY scid transgenic 
mice. CD4committed cells were present among sorted 
CD4+CD8” thymocytes from positively selecting mice ex- 
pressing the class II-restricted AND TCR, but were nearly 
absent from positively selectfng mice expressing the class 
l-restricted HY TCR (Figure 49, top and middle). The 
dearth of CM-committed cells in HY scid H-2b mice either 
reflected a requirement for an MHC class II-restricted 
TCR or reflected efficient commitment to the CD8 lineage 
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by the class l-restricted HY TCR in H-2b mice. However, 
since CD4-committed ceils were present in nonselecting 
HY scid H-2d mice, any requirement for expression of an 
MHC class II-restricted TCR was excluded (Figure 48, 
bottom). 
These results lead to the striking conclusion that thymo- 
cyte commitment to the CD4 lineage neither requires ex- 
pression of MHC class II molecules nor requires MHC 
class II-restricted TCRs, and so can occur without any 
MHC class II-dependent signals. In addition, the virtual 
absence of CD&committed cells in positively selecting HY 
scid mice suggests that commitment of thymocytes to the 
CD4 lineage can be preempted by MHC class l-restricted 
TCR signals (Figure 48, middle). 
MHC and TCR Requirements for CD8 Commlfment 
We then assessed the MHC expression requirements for 
cells were present among eitherCD4+CD8” or CD4”CD8+ 
transitional thymocytes from normal, B2m-, or class II- 
Figure 4. MHC and TCR Requirements for In- 
ducing Lineage Commitment in CD4+CDBb 
Transitional Thymocytes 
(A) Effect of MHC expression on lineage com- 
mitment of CD4+CDBb thymocytes. Purified 
populations of CD4+CDII” cells were obtained 
by electronically sorting thymocytes from 66, 
&rn-, and class II- mice according to the sorting 
gates superimposed on the original thymocyte 
populations displayed (left). Sorted thymocyte 
populations were then m for lineage 
commitment by the coreceptor reexpression 
assay. Frequency of cells in each quadrant is 
indicated. 
(6) Effect of TCR specificity on lineage commit- 
ment of CW+CDC thymocytes. Purified popu- 
lations of CD4+CDBb cells were obtained by 
electronically sorting thymocytes from the fol- 
lowing TCR transgenic mice: H3 mice ex- 
pressing the AND transgenic TCR (AND H-26), 
H3 SCM female mice expressing the HY- 
specific transgenic TCR (HY s&f H-2”) and 
H-2 female mice expressing the HY-specific 
transgenic TCR (HY scid H-24). Sorted popula- 
tions from each mouse strain were obtained 
according to the sorting gates superimposed 
on the original thymocyte populations dis- 
played (left), wtth sorted cells assessed for lin- 
eage commitment by the coreceptor reexpres- 
sion assay. To exclude all cells expressing 
endogenous TCR, AND thymocytes were 
gatedduringanalysistobeVa1 I+, whereas HY 
scid thymocytes were gated during analysis to 
be Va3’. Frequency of cells in each quadrant 
is indicated. 
mice (Figure 4A; Figure 5A). In marked contrast with the 
absence of MHC requirements for CD4 commitment, the 
MHC expression requirements for CD8 commitment were 
quite stringent. That is, CD&committed cells were present 
in transitional thymocyte populations from normal and 
class II- mice,’ but were absent from both CD4+CD8” and 
CD4bCD8+ transitional populations in class l-deficient 
mice (Figures 4A and 5A). Thus, thymocyte commitment 
to the CD8 llneage requires expression of MHC class I 
determinants. 
The TCR specificity requirements for CD8 commitment 
were ‘also quite stringent (Figures 48 and 58). That is, 
CD8committed-thymocytes were present only in posi- 
tively selecting H-2b mice expressing the MHC class 
I-restrltied transgenic HY TCR (Figures 48 and 58, mid- 
dle). CD&committed cells were not present in either 
CD4+CDBb or CD4’“CD8+ transitional pool from nonselect- 
ing H-P mice expressing the MHC class l-restricted 
transgenic HY TCR (Figures 48 and 58, bottom), or from 
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positively selecting H-26 mice expressing the MHC class 
II-restricted transgenic AND TCR (Figures 48 and 56, 
top). 
These results demonstrate that thymocyte commitment 
to the CD8 lineage strictly requires expression of MHC 
class I determinants and MHC class l-restricted TCRs. 
Moreover, these results demonstrate that thymocyte com- 
mitment to the CD8 lineage requires that expressed MHC 
class I polymorphisms be appropriately recognized by the 
MHC class i-restricted TCR. Thus, in contrast with CD4 
commitment, which can occur without MHC class Ii- 
dependent signals, CD8 commitment requires MHC class 
i-dependent signals. 
Lhage Commitment in MHC- Mice 
Our analysis has revealed a marked asymmetry in the 
MHC and TCR requirements for thymocyte commitment to 
the CD4 versus CD8 lineage: CD4 commitment exhibited 
neither MHC expression nor TCR specificity require- 
ments, whereas CD8 commitment exhibited both MHC 
Figure 5. MHC and TCR Requirements for In- 
ducing Lineage Commitment in CCWCfX+ 
Transitional Thymocytes 
(A) Effect of MHC expression on lineage com- 
mitment of CXWCDB+ thymocytes. Purified 
populations of CD4WX+ cells were obtained 
by electronicafly sorting thymocytes from B5, 
f3,m-,andclassII‘ miceaccordingtothesorting 
gates superimposed on the original thymocyte 
populations displayed (left). Sorted thymocyte 
populations were then asses& for lineage 
commitment by the coreceptor reexpression 
assay. Frequency of cells in each quadrant is 
indicated. 
(B) Effect of TCR specificity on lineage commit- 
ment of ClM+CW thymocytes. Purified popu- 
lations of ClX+CDW cells were obtained by 
electmnically sorting thymccytes from the fol- 
lowing TCR transgenic mice: f-l-2 mice ex- 
pressing the AND transgenic TCR (AND H-z?), 
H-26 scid female mice expressing the HY- 
spectftc transgenic TCR (HY .sckf H-Z?), and 
H-2d female mice expressing the HY-specific 
transgenic TCR (HY se/d H-9). Sorted popula- 
tions from each mouse strain were obtained 
according to the sorting gates superimposed 
on the original thymocyte populations dis- 
played (left), with sorted cells asseseed for lin- 
eage commitment by the coreceptor reexpres- 
sion assay. To exclude all cells expressing 
endogenous TCR, AND thymocytes were 
gated during analysis to be Val l+, whereas HY 
sdd thymocytes were gated during analysis to 
be Va5+. Frequency of cells in each quadrant 
is indicated. 
and TCR expression requirements. To test these conclu- 
sions further, we examined transitional thymocytes from 
f32m-xll- (MHC-) mice that were deficient in expression of 
both MHCciass I and II determinants(Grusbyet al., 1993). 
Despite the virtual absence of MHC expression, CD4- 
committed cells were present among CD4+CD8b transi- 
tional thymocytes from MHC- mice (Figure 6). In contrast, 
CD8committed thymocytes were absent in MHC- mice 
from both CD4+CD8” and CD4L”CD8+ transitional popula- 
tions (Figure 6). This result confirms the asymmetric re- 
quirements for commitment of thymocytes to the CD4+ 
versus CD8+ lineage. 
Discussion 
The present study has determined the MHC interaction 
requirements for thymocyte commitment to the CD4 and 
CD8 T cell lineages by utilizing a novel coreceptor reex- 
pression assay that identifies lineage-committed thymo- 
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cytes. We found that the MHC interaction requirements 
for CD4 commitment and CD8 commitment fundamentally 
differ from one another: CD4 commitment does not require 
expression of either MHC class II molecules or MHC class 
II-restricted TCRs, whereas CD8 commitment strictly re- 
quires expression of both MHC class I molecules and 
TCRs with MHC class I restriction specificities. Thus, CD4 
commitment can occur by an MHC class II-independent 
mechanism, whereas CD8 commitment strictly requires 
MHC class l-dependent interactions. These results are 
not compatible with either stochastic/selection or instruc- 
tional models of lineage commitment but, instead, require 
a new perspective on lineage commitment and positive 
selection, which we refer to as asymmetric commitment. 
A schematic representation of the results of the present 
study are displayed in Figure 7. 
The two-hit stochastic/selection model has been the 
most widely accepted view of lineage commitment and 
positive selection (Chan et al., 1993a, 1993b, 1994; Davis 
et al., 1993; Davis and Littman, 1994). The central obser- 
vation by Chan and colleagues on which their model was 
based was the detection of CD4+CD8@ thymocytes in class 
II- but not MHC- mice, indicating that the generation of 
such cells depended upon MHC class I interactions. Be- 
cause all CD4+CD8” thymocytes were presumed to be 
CD4-committed cells, the ability of MHC class I inter- 
actions to generate CD4+CD8” thymocytes putatively 
demonstrated that early TCR engagement of any MHC 
molecule randomly committed immature CD4+CD8+ thyme 
cytes to either the CD4 or CD8 lineage, without regard to 
the class of MHC molecule engaged or the coreceptor 
lineage to which the cell had become committed. However, 
we found that such MHC class l-dependent CD4+CD8” 
thymocytes are CDB-committed cells, not CD4-committed 
cells, invalidating the presumption on which the two-hit 
stochastic/selection model was based. In addition, the 
present data also conflict with a central feature of all sto- 
chastic/selection models by demonstrating that CD8 com- 
mitment does not occur stochastically, but occurs specifi- 
cally in response to MHC class l-dependent interactions. 
CD8 Commltment 
The present study found that generation of CD&om- 
mitted thymocytes strictly required expression of both thy- 
Figurs 6. Lineage Commitment in MHC Mice 
Purified populations of CDs+CDBb and 
CD4WW cells were obtained by electront- 
tally sorting MHC- thymocy@s from bm- x II- 
mice according to the sorting gates superlm- 
posed on the original thymocyte population dis- 
played (left). Sorted thymocyte populations 
the coreceptor reexpresslon”&y. Frequency 
of cells in each quadrant is indicated. 
mic MHC class I molecules and TCRs with MHC class I 
restriction specificities. Indeed, the stringency of the MHC 
and TCR requirements that we observed for CD8 commit- 
ment were in marked contrast to the absence of MHC and 
TCR requirements that we observed for CD4 commitment. 
Thus, the present study demonstrates that CD8 com- 
mitment requires MHC class l-dependent instructional 
signals. 
4+l?l- 4+8” 4+8’ 
0 4 TCR 
: 
i 
0 8 
4”8+ 
4-8+ 
CD8 
Figure 7. Schematic Representation of the Sequence of Phenotypic 
Changes Accompanying Lineage Commitment that Are Revealed in 
this Study 
Phenotype of developing thymocytes as determined by surface CD4/ 
CDS expression levels is indicated in the outside margins. Lineage 
commitment of developing thymocytes as revealed by active corecep 
tor synthesis is indicated in each cell population. In response to MHC 
class l-dependent signals transduced by TCR and CD8 surface mole- 
cules, CD4+CDBI thymocytes terminate CM synthesis and become 
CD8 committed. We think that CDEcommitted thymocytes then se- 
quentially appear as CfM+CD(ro + CD4YXM” - CD4’“CDB+ - 
CM-cm+ cells. 
CD4+CDS+ thymocytes not receiving TCR plus CD8 signals termi- 
nate CD8 synthesis and become CD4 committed. CD4-committed thy- 
mocytes sequentially appear as CD4+CDSb - CD4+CDS- cells. How- 
ever, only CD4+CDSb thymocytes receiving a TCR signal differentiate 
into CD4+CDS- mature T cells. 
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With regard to the surface phenotypes expressed by 
CD8committed thymocytes, we found CD8committed 
cells to be present in all three transitional populations of 
CD4+CD8b, CD4’OCD8”, and CD4’“CD8+ thymocytes. Most 
surprising was the presence of CDbcommitted cells 
among CD4+CD8” transitional thymocytes, as this transi- 
tional population has been presumed to consist entirely 
of CD4committed cells (Chan et al., 19936, 1994). The 
high surface CD4 expression on CD4%D8” CD&om- 
mitted cells indicates that they have recently terminated 
CD4 synthesis and that sufficient time has not passed for 
surface CD4 expression to decline. The low surface CD8 
expression on CD4+CD8” CD8-committed cells, despite 
their continued synthesis of CD8 proteins, is likely to be 
the result of CD8 internalization in response to external 
CD8 cross-linking (McCarthy et al., 1988). Consequently, 
CD4+CDb CDBcommitted thymocytes can be understood 
as cells that have recently received CDBcommitment sig- 
nals and whose surface CD8 coreceptor molecules have 
been engaged and consequently internalized. This expla- 
nation is reinforced by our observation that CD&corn- 
mitted cells in the CD4+CD8” population express lower 
surface TCR levels, and so are less mature, than those 
in the CD4bCD8+ population. Consequently, we think that 
CD4+CDBb CD&committed thymocytes eventually lose 
surface CD4 expression to become CD4’OCD8” cells and 
eventually increase CD8 expression to become CD4bCD8+ 
cells (Figure 7). 
CD4 Commitment 
Remarkably, the present study found CD4-committed thy- 
mocytes in all mice examined, regardless of the class of 
MHC molecules they expressed and regardless of the 
MHC restriction specificity of their TCRs, with only one 
notable exception. In fact, CD4-committed thymocytes 
were even found in MHC- mice that are deficient in expres- 
sion of both MHC class I and II molecules. These results 
clearly demonstrate that CD4 commitment does not re- 
quire TCR or CD4 coreceptor interactions with classical 
MHC class II molecules. In addition, these results would 
seem to indicate that CD4 commitment does not require 
any intrathymic MHCdependent interactions at all. How- 
ever, this latter conclusion hinges upon whether thymi of 
MHCdeficient &m- x II- MHC- mice are completely de- 
void of MHC expression. An atypical monomorphic MHC 
class II molecule has been described that might be ex- 
pressed in MHC- mice (Karlsson et al., 1991), and certain 
MHC class I molecules have been found to be expressed 
in low amounts on cell surfaces despite the absence of 
Pnrn (Williams, et al., 1989). How relevant these molecules 
might be for the appearance of CD4-committed immature 
thymocytes in MHC- mice is unknown, but they clearly do 
not result in the generation of mature CD4%D8- T cells, 
as MHC- mice are devoid of mature T cells. Nevertheless, 
we cannot, with certainty, exclude a role for cryptic intra- 
thymic interactions with atypical MHC molecules. 
Notably, the only mice examined in the present study 
that were deficient in CD4-committed thymocytes were 
mice that expressed an MHC class l-restricted transgenic 
TCR in a positively selecting thymus, in which each thymo- 
cyte might have received MHC class l-dependent CD8 
commitment signals. In comparison, mice expressing the 
identical MHC class l-restricted transgenic TCR but in a 
nonselecting thymus contained CD4-commttted thyrno- 
cytes. Taken together, these results indicate that CD8 
commitment signals preempt commitment of thymocytes 
to the CD4 lineage. 
We conclude that commitment of immature thymocytes 
to the CD4 lineage clearly does not require either TCR or 
CD4 interactions with classical MHC class II molecules. 
Furthermore, our data indicate that CD4+CD8+ thymocytes 
that have sufficiently matured to undergo lineage commit- 
ment can terminate CD8 synthesis and commit to the CD4 
lineage, but only in the absence of CD8 commitment sig- 
nals. Thus, we think that the CD4 lineage represents a 
default commitment pathway. However, differentiation of 
CD4%D8+ thymocytes to the developmental point that 
they can make a lineage commitment decision may re- 
quire early TCR signals induced by cryptic interactions 
with atypical MHC molecules. 
Lineage Commitment and Podthfe Selectkm 
Lineage commitment is understood as the termination of 
synthesis of one coreceptor molecule, whereas positive 
selectionisunderstoodasthegenerationof matureTcells. 
Surface Phenotype 
4+a+ 
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Figure 8. Asymmetric Commitment Model: A New Pempective of Lin- 
eage Commitment and Posltlve Sebctbn 
Differentiation of CM+CD8+ thymocytes into mature T cells requires 
an MHCdependent signaling event whose tlming and chara&r dtffer 
for CD4 lineage and CD8 lineage cells. We refer to the timing of each 
signaling event as a checkpoint at which cells are assewed for the 
presence or absence of an appropriate efgnal. CD8 commitment re 
suits from the presence of TCR plus CD8 instructbnal signals, hut 
CD4 commitment cccurs spontaneousfy in those cells not receiving 
TCR plus CD8 instructbnal signals. Having received TCR plus CD8 
commitment signals, CtX-committed cells are long-lived and will dtffer- 
entiateintoCD4CD8+matureTcells; havbgnotreceived commitment 
signals, CD4-committed cells are ehort-lked unless they receive a 
TCR-mediated rescue signal at the rescue checkpoint. Details are 
provided in the text. 
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Our present finding that CD4-committed thymocytes ap 
pear in mice that lack CD4+CD8- mature T cells demon- 
strates that lineage commitment and positive selection are 
in fact distinct developmental steps, at least for CD4 lin- 
eage cells. Because MHC class II- mice lack CD4+CD8- 
cells, the CD4+CD8” thymocytes that we find committed 
to the CD4 lineage must disappear before their surface 
CD8 expression declines to the point that they would be 
considered CD4+CD8- cells. Consequently, the viability 
of CD4-committed CD4+CD8b thymocytes must require 
signals that are absent in MHC class II- mice. Thus, CD4 
lineags commitment doss not require MHC class Il-depek 
dent interactions, but CD4 positive selection does. 
While CD4 positive selection normally requires MHC 
class II-dependent interactions, CD4+CD8 T cells can be 
positively selected in class II- and MHC- mice by anti-TCR 
antibodies (Kyewski and Muller, 1993; Takahama et al., 
1994) indicating that CD4+ selection signals are trans- 
duced by surface TCR complexes and not by surface CD4 
coreceptor molecules. Nevertheless, during normal devel- 
opment, ligation of surface TCR molecules by MHC-pep 
tide complexes may be of insufficient avid&y to generate 
TCR positive selection signals without concurrent engage 
ment of CD4 coreceptor molecules (Rahemtulla et al., 
1991; Killeen and Littman, 1993; Locksley et al., 1993). 
In contrast with the case for CD4 lineage cells, no distinc- 
tion between lineage commitment and positive selection 
can be drawn for CD8 lineage cells, as mice lacking mature 
CD4CD8+ T cells invariably lacked CDB-committed thy- 
mocytes. Thus, it is possible that CD8 commitment signals 
are sufficient to induce immature thymocytes both to termi- 
nate CD4 expression and to differentiate into long-lived 
CD4CD8+ mature T cells without additional MHCdepen- 
dent signaling events. Whether or not this is actually the 
case is an issue to be addressed by future experiments. 
A8ymmetdc Commitment Model 
The fundamental premise of the current debate between 
stochastic and instructional models of lineage commit- 
ment is that CD4 commitment and CD8 commitment both 
occur by the identical mechanism, whether it be stochastic 
or instructional. The present study demonstrates that this 
fundamental premise is incorrect since CD4 commitment 
and CD8 commitment occur by very different mecha- 
nisms. Consequently, we would like to propose a new 
model of lineage commitment and positive selection 
(Figure 8). 
Our asymmetric commitment model focuses on the mat- 
uration of CD4+CD8+ thymocytes after they have reached 
the commitment checkpoint (Figure 8), which may or may 
not have required earlier TCR interactions with atypical 
MHC molecules. The model proposes that the terminal 
differentiation of such CD4+CD8+ thymocytes into mature 
T cells requires an MHCdependent signaling event, but 
the timing and character of that signaling event differs for 
CD4 lineage and CD8 lineage cells. We refer to the timing 
of each signaling event as a checkpoint at which cells are 
assessed for the presence or absence of an appropriate 
signal. CD4+CD8+ thymocytes that have reached the com- 
mitment checkpoint are assessed for the presence of CD8 
commitment signals: the presence of coordinate TCR and 
CD8 signals results in termination of CD4 synthesis and 
commitment to the CD8 lineage, whereas their absence 
results in termination of CD8 synthesis and commitment 
to the CD4 lineage. Having received coordinate signals 
at the commitment checkpoint, CD8-committed cells are 
long-lived and differentiate into CD4CD8+ T cells; in con- 
trast, not having received CD8 commitment signals, thy- 
mocytes become CD4 committed and are relatively short- 
lived unless they are rescued from programmed cell death. 
At the rescue checkpoint, CD4-committed thymocytes are 
assessed for the presence of TCR-mediated rescue sig 
nals: the presence of TCR signals results in continued sur- 
vival and differentiation into CD4%D8- T cells, whereas 
the absence of TCR signals results in ceil death. While 
only TCR signals are required at the rescue checkpoint, 
it is important to appreciate that engagement of surface 
coreceptors is usually required to enhance the avidity of 
cellular interactions that generate TCR signals. 
This asymmetric commitment model incorporates our 
observations that CD8 commitment requires MHC class 
l-dependent instructional signals, whereas CD4 commit- 
ment occurs in the absence of MHCdependent signals. 
Moreover, this model also incorporates our observation 
that CD8 commitment signals preempt commitment of in- 
dividual thymocytes to the CD4 lineage. Interestingly, this 
model provides an explanation for the greater number of 
CD4+ than CD8+ T cells that are normally observed: CD4 
commitment represents a commitment pathway with sig- 
nificantly less stringent signaling requirements than those 
necessary for inducing CD8 commitment. The concept 
that CD4 represents a default commitment pathway with- 
out stringent signaling requirements also provides an ex- 
planation for the hitherto unexplained observation that 
CD4+Tceilscan arise in immunodeficiency states in which 
CD8+ T cells cannot arise: humans lacking ZAP-70 kinase 
(Arpaia et al., 1994; Eider et al., 1994) and mice lacking 
interferon regulatory factor-l (Matsuyama et al., 1993). 
What might be the molecular basis of a CD8 commit- 
ment signal that instructs developing thymocytes to termi- 
nate CD4 coreceptor synthesis and to commit to the CD8 
lineage? We propose that CD8 commitment signals con- 
sist of both a TCR signal and a signal transduced by intra- 
cellular messenger molecules associated with the intracy- 
topiasmic tail of the CD88 chain (or a transmembrane 
molecule associated with the CD88 chain). Even though 
an intracellular messenger molecule has not yet been 
identified that associates with CD88 there are good rea- 
sons for predicting that such a molecule exists. First, the 
generation of most CD8+ Tcells requires CD88 expression 
(Crooks and Littman, 1994; Fungleung et al., 1994; Na- 
kayama et al., 1994) even though CD88 chains are not 
required for CD8a chain expression (Kavathas et al., 
1984). And second, while CD8a chainscan bind intracellu- 
lar Ick molecules (Zamoyska et al., 1989), ick is unlikely 
to be the intracellular mediator of the CD8 commitment 
signal, as approximately 50% of CD8a chains expressed 
on immature thymocytes are an alternatively spliced a’ 
form of the molecule that is incapable of binding ick @a- 
moyska et al., 1989); positive selection of CD8+ T cells 
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can be mediated by mutated CD8a chains, all of which 
lack the Ick binding site (Chan et al., lQQ3c); and Ick occu- 
pancy of surface CD8a molecules is too low in CD4+CD8+ 
thymocytes for Ick to bs efficiently activated by external 
engagement of surface CD8 coreceptors (Wiest et al., 
lQQ3). Thus, we think that CD8 commitment requires an 
intracellular messenger molecule associated directly or 
indirectly with CD83 chains, and propose that this messen- 
ger molecule is a protein tyrosine kinase with the recipro- 
cal binding affinity of Ick, such that it binds to the intracy- 
toplasmic tail of CD83 with high affinity and to CD4 with 
low affinity. 
According to our asymmetric commitment model, Tcells 
with mismatched TCR and coreceptor specificities would 
rarely arise except in transgenic mice in which transgene 
expression alters the distribution or activation of intracel- 
lular messenger molecules. Thus, CD8 transgenic mice 
overexpressing CD83 would express some “empty” CD8f3 
surface molecules whose cytoplasmic tails were not asso- 
ciated with intracellular messenger molecules because 
the number of CD83 molecules would exceed the number 
of intracellular messenger molecules. Consequently, thy- 
mocytes whose class l-restricted TCR happened to be 
coengaged with empty CD8 molecules would fail to re- 
ceive a CD8 commitment signal and would commit by de- 
fault to the CD4 lineage. Such CD4-committed cells would 
be rescued from programmed cell death by class l-restricted 
TCR interactions augmented by CD8 transgenic mole- 
cules and would differentiate into CD4+ T cells expressing 
mismatched class l-restricted TCR. In this way, CD8 over- 
expression would result in mismatched CD4+ T cells in 
class II- mice (Robey et al., 1994; Chan et al., 1994) and 
in mice expressing class l-restricted transgenic TCR 
(Itano et al., 1994). In a similar fashion, CD4 transgenic 
mice would express some number of “armed” CD4 mole- 
cules whose cytoplasmic tails were associated with intra- 
cellular messenger molecules because increased CD4 
expression would increase the likelihood that some intra- 
cellular messenger molecules were associated with CD4. 
Consequently, thymocytes whose class II-restricted TCRs 
were coengaged with armed CD4 molecules would receive 
CD8 commitment signals and would differentiate into 
CD8+ T cells expressing mismatched class II-restricted 
TCRs (Davis et al., 1 QQ3). In this way, CD4 overexpression 
would result in mismatched CD8+ T cells, even in class I- 
mice(Daviset al., 1993; Baron et al., 1994). And finally, the 
generation of mismatched CD8+ T cells in bcl-2 transgenic 
mice that are deficient in MHC class I expression (Linette 
et al., 1994) may be the result of constitutive activation of 
intracellular messenger molecules by &l-2 overexpression. 
Conclusions 
The present study provides an attractive resolution for the 
discrepant experimental results that support either the in- 
structional or stochastic/selection models of lineage com- 
mitment by demonstrating that instructional signals induce 
CD8 commitment, whereas the absence of instructional 
signals results in CD4 commitment. Consequently, we 
think the current conflict has arisen because different ex- 
periments have detected different facets of the lineage 
commitment decision. 
In addition, the present study reports a number of pro- 
vocative experimental findings. Our observation that CD4 
commitment may represent a default commitment path- 
way is novel and alters our concepts of T cell development. 
Our observation that CD8 coreceptors may transduce 
commitment signals in immature CD4+CD8+ thymocytes 
increases the importance of determining how CD8 corecep 
tor signals might be generated in immature CD4CD8’ 
thymocytes. Our observation that CD8 commitment sig- 
nals may preempt commitment to the CD4 lineage sug- 
gests that developing thymocytes are intrinsically able to 
commit to either T cell lineage, regardless of their TCR 
specificity. And finally, the complexity of surface pheno- 
types expressed by CDB-committed thymocytes reveals 
that lineage commitment cannot be simply presumed from 
surface phenotype. 
Expellnlelltal Procdum 
Mice 
All mice were housed and bred in a specific pathogen-free facility and 
used at 4-l 1 weeks of age. CWBUB (B9) mice were obtained from 
the Jackson Laboratory (Bar Harbor, Maine). MHC class II-deficient 
mice (Grusbyet al., 1991) and &m-deficient mice (Koller et al., 1990) 
were both backcrossed to the C57BU6 background. MHC- mice were 
derived by crossing MHC class II- and hm- mice (Grusby et al., 1993) 
and were provided by Dr. M. J. Grusby (Harvard Medical School, Bos- 
ton, Massachusetts). HY-specific a5 TCR transgenic mice (Teh et al., 
1999) were bred onto the BCID background. AND-RX transgenic 
mice (Kaye et al., 1999) were provided by Dr. 8. J. Fowlkes (National 
lnstttutes of Health, Bethesda, Maryland). 
Flow Cytometric Analysis and Electronic Bortlng 
Single-cell suspensions of thymocytes were stained with phyco 
erythrinconjugated anti-CD4 monoclonai antfbody(MAb)(GK1.5, Bec- 
ton Dickinson, Ban Jose, California) and fluorescein lsothttanate- 
conjugated arrtiCD9 MAb (53-572, Becton Dickinson) as previously 
described (Punt et al., 1994). Stained thymccytes were electronically 
sorted by a FACstar Plus according to the gates indicated in each 
figure. Typically, 3-5 x 10 cells were collected from 100-200 x 10” 
stainedcellsina5-6 hrtimeperiod. Cellswerepretreatedwith pronase 
as described below and cultured cells were harvested and restained 
with antiCD4-phycoerythrin and anti-CDWfuorescein isothiocya- 
nate. Forthree-color anafysea, cellswerealsostained with biotinyfated 
anti-TCR5 (H57597, Pharmingen, San Diego, California). anti-CD5 
(53-7-3, Pharmingen) anti-Vall (RR&l, Pharmingen), or antiVa3 
(T3.70, a gift from Dr. 8. J. Fowlkes and conjugated in our laboratory) 
foflowed either by Texas red-avidin (GIBCO BRL) or Cy5-avidin (Cal- 
tag, San Francisco, Calhornia). Dead cells were excluded by electronic 
gating on both forward light scatter and pmpidium Iodide intensity, 
and typically 12.5 x 10’ live cells were analyzed. All the data shown 
in contour pfots were normalized to display information from 2 x 10’ 
sorted cells or 5 x 10‘ unsorted cells. Flow cytometry using 3 or 4 
decads logarithmic amplification as indicated was performed on a 
FACBtar Plus, and data were analyzed ustng software designed by 
the Division of Computer Research and Technology at the National 
Institutes of Health. Quantitation of fluorescence intensity in linear 
fluorescence units (FU) was performed according to the following for- 
mula: FU = cell frequency x median intensity, where median intensity 
was derived by conversion of median logarithmic channel numbers 
to linear units using a calibration curve empirically derived for each 
logarithmic amplifier used. 
Pronaae Treatment 
Sorted cells were washed extensively with phosphate-buffered saline 
and suspended at a concentration of < 2 x lW/ml in phosphate 
buffered saline containing 0.04% pronase (Calbiochem, Ban Diego, 
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California) and 100 pg/ml DNase I (Boehringer-Mannheim, Indianap+ 
lis, Indiana) (Kearse et al., 1995). Cells were then incubated at 37OC 
for 15 min. pelleted, and incubated in the same solution again for 
another 10 min at 37%. An equal volume of fetal calf serum was 
added to quench pronase activky, and cells were washed, distributed 
in 24well culture plates, and incubated at either 4% or 37% for 12- 
16 hr. Where indicated, 10 u@ml cycloheximide (Sigma, St. Louis, 
Missouri) and 3 @ml actinomyctn (Sigma) were added to cultures 
before overnight incubations. Viable cell recovery including overnight 
culture was approximately 6096. 
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